Inferior laryngeal nerve (ILN), which usually arises from vagus nerve, runs recurrent course and is called recurrent ILN (RILN). Intimate knowledge of normal and anatomic variants of the ILN reduces the risk of nerve injury and vocal cord paralysis in thyroid and parathyroid surgery. The nonrecurrent ILN (NRILN) is a rare nerve anomaly that is associated with a right aberrant subclavian artery. We encountered 2 patients with NRILN during thyroid surgery. Patient 1, a 57-year-old woman, had mediastinal thyroid tumor without vascular anomaly. Patient 2, a 47-year-old woman with a history of esophageal foreign body (fish bone), was suspected to have NRILN with vascular anomaly before surgery, as judged by preoperative enhanced CT. In the patient 1, we verified laryngeal mobility function of the NRILN by nerve stimulation, and confirmed the absence of RILN in usual recurrent course. The findings in the patient 1 indicate that NRILN without subclavian artery anomaly is a genuine entity. In both patients we performed thyroid surgery safely and fast by expectation and identification of NRILN by use of nerve stimulator. In conclusion, we confirm the existence of NRILN without vascular anomaly and show effectiveness of preoperative enhanced CT and valuable use of nerve stimulator for nerve preservation in the patients with NRILN.
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Nonrecurrent inferior laryngeal nerve; aberrant subclavian artery; esophageal foreign body; nerve stimulator; CT. Tohoku J. Exp. Med., 2008 , 216 (2), 133-137. © 2008 Inferior laryngeal nerve (ILN) palsy is a major problem in thyroid and parathyroid surgery. Intimate knowledge of normal and anatomic variants of the ILN reduces the risk of nerve injury and vocal cord paralysis. It is generally accepted that the nonrecurrent inferior laryngeal nerve (NRILN) is a well-known but relatively rare anatomic variant. The prevalence of NRILN is less than 1% based on surgical reports (Henry et al. 1988; Proye et al. 1991; Avisse et al. 1998; Devèze et al. 2003; Toniate et al. 2004 ) and 1-2% based on anatomical reports (Avisse et al. 1998) . The NRILN usually arises on the right side of the neck and is associated with malformation of the aortic arch and aberrant subclavian artery. In NRILN, there are several unsolved problems, another institution. She had experienced no symptoms such as cervical swelling, dysphasia, or hoarseness, and ILN palsy was not evident from endoscopic examination. During surgery, the recurrent ILN (RILN) could not be identified due to the massive tumor. Therefore, we could not approach its usual location near the inferior thyroid artery. We dissected carefully around where the ILN enters the larynx and identified the ILN superiorly by nerve stimulator monitoring. The tumor was removed via the cervical approach alone and was found to be impinging on the ILN inferiorly. When the tumor was finally removed superiorly, we found that the ILN was nonrecurrent and arose directly from the vagus nerve. The NRILN was preserved and its function was confirmed by nerve stimulation during surgery. Postoperative fiberscopic examination of the vocal cords showed normal function. No aberrant subclavian artery was detected on postoperative enhanced CT (Fig. 2) .
Patient 2
A 47-year-old woman had a history of esophageal foreign body (fish bone), with tracheostomy having been performed 2 years previously. The tracheostoma was maintained at followup visits. Right thyroid tumor was detected on follow-up CT performed for the evaluation of tracheal stenosis. Fine needle aspiration biopsy under ultrasonography suggested papillary carcinoma. Preoperative enhanced CT showed an such as the patients without vascular anomaly, necessity of preoperative diagnosis of vascular anomaly by imaging and use of nerve stimulator for identify of ILN. We encountered 2 NRILNs during thyroid surgery at Iwaki Kyoritsu General Hospital. One had no vascular anomaly, while the other had a vascular anomaly. We describe these patients and review the related literature. This study was approved by the ethics committee of Iwaki Kyoritsu General Hospital.
CLINICAL FINDINGS Patient 1
A 57-year-old woman underwent chest X-ray as part of a periodic medical examination, revealing an abnormal opacity in the right superior mediastinum. Enlargement of a thyroid tumor into the superior mediastinum was detected on CT (Fig. 1) . The patient had undergone surgery on the right side of her thyroid 30 years previously at aberrant subclavian artery (Fig. 3) . We operated carefully using a nerve stimulator and, as expected, found an NRILN that crossed directly from the vagus nerve and passed transversely across the neck. Vocal cord function after surgery remained normal. Postoperative barium swallow test revealed a posterior notch indicating an aberrant subclavian artery, the so-called bayonet sign (Fig. 4) .
DISCUSSION
The first anatomical case with right aberrant subclavian artery was described by Hunauld in 1785, but the first clinical case of retroesophageal right subclavian artery was described in 1794 by Bayford in a patient who suffered from dysphagia: the term "dysphagia lusoria" has been used to describe this symptomatic consequence of the vascular anomaly (Henry et al. 1988; Avisse et al. 1998) . Arkin naturally named the abnormal artery arteria lusoria (Henry et al. 1988 ). The neural anomaly was identified in 1823 (Stedman 1823 ), but its surgical interest was pointed out only in 1932 (Pemberton and Beaver 1932) . The formation of a NRILN is attributed to abnormal embryological development of the subclavian artery. In the embryo, the right and left ILNs supply their respective sixth branchial arches. As the embryo elongates and the heart descends, the nerves assume their recurrent course, wrapping around the sixth arches bilaterally. On the right, the distal sixth arch disappears and the right ILN is free to ascend as high as the subclavian artery (the fourth aortic arch). On the left, the sixth aortic arch remains until birth as the ductus arteriosus, and later as the ligamentum arteriosum. If the fourth aortic arch disappears, the ILN reaches the larynx directly, resulting in a NRILN. In most instances, the right subclavian artery arises from the distal portion of the left subclavian artery and passes to the right behind the esophagus, becoming an aberrant subclavian artery (Gray et al. 1976 Nagayama et al. 1994) . The presence of left NRILN is extremely rare and is always associated with situs inversus viscerum. Only four patients with left NRILN have been reported (Henry et al. 1988; Coady et al. 2000; Fellmer at al. 2008 ). Kobayashi reported that patients with aberrant subclavian artery tend to have multiple vascular anomalies and ischemic vascular disease. Therefore if a nerve variant such as NRILN is found during surgery, subsequent investigation of vascular abnormalities may help to prevent unexpected life-threatening events (Kobayashi et al. 2007 ).
In patient 1, we unexpectedly found a NRILN intraoperatively. No aberrant subclavian artery was found on enhanced 3D CT. Although the patient had undergone a thyroid operation 30 years earlier, she had not previously had vascular surgery or laryngeal nerve surgery. She experienced no symptoms related to the previous thyroid operation such as hoarseness, and no symptoms related to an aberrant subclavian artery such as dysphagia, cough, stridor, or thoracic pain before the first thyroid operation. Five cases of NRILN without vascular anomaly have been reported (Henry et al. 1988; Kato et al. 1996; Coady et al. 2000) . In 4 of these patients, the NRILN was accompanied by an ipsilateral recurrent ILN (RILN). The authors of the remaining report did not describe a coexisting RILN, and they reported the absence of situs inversus and right aortic arch (Coady et al. 2000) . There is no appropriate embryological and anatomical reason to explain existence of NRILN without vascular anomaly. Therefore, NRILN in the patients without vascular anomaly has been thought to be a different nerve, which was mistaken for NRILN by its running course (Raffaelli et al. 2000; Maranillo et al. 2008 ). Raffaelli described the false NRILN, which is an anastomotic nerve (AN) between the sympathetic nerve (SN) and RILN. It is usually thin, sometimes having the same diameter as the RILN (Raffaelli et al. 2000) . Raffaelli mentioned that, if a large AN is discovered, it may be mistaken for a NRILN. Incidence of large AN confined to the right side is 1.5% based on surgical reports. However, based on anatomical reports, Maranillo found that incidence of large AN was 17.5% on the right side and 17% on the left side (Maranillo et al. 2008) . In the present patients we could not find coexisting RILN. In patient 1, if the laryngeal nerve was a branch of the vagus nerve it would have only the role of mobilizing the vocal cords. We tested mobility function of the NRILN by a nerve stimulator, and the results suggested that this was a genuine NRILN. But if this nerve was large AN i.e. "false NRILN", the fact that it was derived from the SN means that the SN was involved in vocal cord mobility. The issue of whether the SN is involved in vocal cord mobility is very important for surgeons during head and neck surgery. In experimental studies it has been suggested that possible roles of the SN in vocal cord function are the regulation of glandular secretion and vasculization (Basterra et al. 1989) , but the SN has not yet been found to control movement of the vocal cords. The accurate role of sympathetic fibers of the AN has not yet been clarified. Therefore, at present we must preserve not only the RILN and NRILN, but also any branch of the SN to avoid vocal cord paralysis.
Patient 2 had a history of esophageal foreign body (tuna fish bone). Tracheostomy had been performed due to pharyngoesophageal injury by the bone. After decannulation of the tracheostomy, we attempted to close the tracheostoma twice; however, dyspnea due to tracheal stenosis appeared a few weeks later, and re-tracheostomy was required each time. Reconstructive surgery was not possible due to mental illness. We therefore left the tracheostoma patent. The patient had an aberrant subclavian artery, a so-called arteria lusoria, which was confirmed on preoperative enhanced CT and barium swallow. Dysphagia is the main symptom of arteria lusoria. Several preoperative diagnostic investigations for vascular anomaly have been described, including CT, barium swallow, and ultrasonography (Nagayama et al. 1994; Watanabe et al. 2001; Hermans et al. 2003 , Devèze et al. 2003 . In this patient, evaluation of preoperative CT including the neck to mediastinum was very useful and enabled the operation to be performed safely and fast.
Although necessity of preoperative CT for all patients with thyroid or parathyroid tumor is controversial, we thought that information of vascular anomaly by CT or ultrasonography is necessary for safely and fast operation to avoid nerve injury.
A search of the literature revealed no patients of vascular anomaly in a patient with history of esophageal foreign body, and no reports of NRILN in these circumstances. The relationship between vascular anomalies and foreign body remains unclear. Because the tracheostoma was at a different level to the vascular anomaly, we consider that difficulty with decannulation was unrelated to the vascular anomaly.
Although one study found that routine application of nerve monitoring techniques is not recommended (Chan and Lo 2006) , these techniques are very useful in patients such as those presented here, and they help to avoid nerve injury. We recommend using a nerve stimulator to avoid nerve injury when a NRILN is predicted preoperatively, when it is anticipated that the RILN will be hard to identify (for example, in mediastinal thyroid tumor), and when the RILN is unexpectedly difficult to find.
We encountered 2 NRILNs, one with and one without vascular anomaly. The existence of a NRILN without vascular anomaly is very rare and remains controversial. We show that NRILN without aberrant subclavian artery is a genuine entity. We confirmed effectiveness of preoperative enhanced CT and valuable use of nerve stimulator in the patients with NRILN. To avoid nerve injury, thyroid surgeons must always be prepared to encounter the NRILN with various other anomalies, with other vascular disease, and with unknown anomalies.
